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Description 



[LASER ANNEALING APPARATUS AND 

METHOD] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 93105042, filed February 27, 2004. 
Background of Invention 

[0002] Field of the Invention 

[0003] jhis invention generally relates to an apparatus and a 
method for laser annealing, and more particularly to an 
apparatus and a method for laser annealing by dividing a 
laser beam into two unsynchronized laser beams which 
pass through two photomasks with complementary pat- 
terns respectively to an amorphous silicon film. 

[0004] Description of Related Art 

[0005] As the technology advances, video products, especially 

digital video or image devices, are widely used in our daily 
life. Among the digital video or image devices, the thin 



film transistor liquid crystal display (TFT LCD) attracts the 
most attention. Among the different types of TFTs, the 

2 

poly-Si TFT has electron mobility more than 200 cm / 
V-sec, which is far faster than that of the a-Si TFT. Hence, 
the higher electron mobility can reduce the size of the TFT 
and increase the aperture ratio so as to enhance the 
brightness and reduce the power consumption of the dis- 
play. 

[0006] | n the early stage, the process for manufacturing the poly- 
Si TFT was solid phase crystallization (SPC). However, be- 
cause the temperature for the SPC process is 1000°C, it 
requires a crystal substrate with a higher melting point. 
Since the cost of the crystal substrate is much higher than 
that of the glass substrate and the size of the crystal sub- 
strate is limited to 2 or 3 inches, only small-size panels 
were available. Recently as the laser technology advances, 
an excimer laser annealing (ELA) process has been devel- 
oped. The ELA process emits the laser beam to the a-Si 
film so that the a-Si film is melted and recrystalized to be 
the poly-Si film. The whole ELA process is under 600°C. 
Hence, the low-cost glass substrate can be used in manu- 
facturing poly-Si TFT and in manufacturing large-size 
panels. It should be noted that the ELA process could use 



super lateral solidification (SLS) technology to form the 
poly-Si film with a larger grain size in order to increase 
the electron mobility of the poly-Si TFT. In addition, the 
poly-Si formed by this process is so-called low tempera- 
ture poly-Silicon (LTPS). 

[0007] FIG. 1 shows a conventional ELA process. Referring to FIG. 
1, the conventional ELA process provides a photomask 
100 above the a-Si film 50. The photomask 100 has a 
plurality of non-transparent regions 110. Then a pulse 
excimer laser beam 80a is emitted to the photomask 100. 
The excimer laser beam 80a in the non-transparent re- 
gions 110 will be absorbed or reflected; the excimer laser 
beam 80a in the other regions will pass through the pho- 
tomask 100 to melt the region B of the a-Si film 50. The 
region A of the a-Si film 50 below the non-transparent 
regions 110 is used as the crystal nucleus to recrystallize 
the film laterally in order to form the poly-Si film. Then 
the photomask 100 is moved so that the non-transparent 
regions 110 are above the region B. Then a laser beam 
80b is emitted so that the a-Si film 50 in region A can be 
recrystallized to form the poly-Si film. 

[0008] | n |jght of the above, the conventional ELA process re- 
quires two pulse excimer laser beams and moving the 



photomask to recrystallize the a-Si film in a fixed region. 
[0009] FIG. 2 shows another conventional ELA process. Referring 
to FIG. 2, the conventional ELA process forms a first pat- 
terned mask layer 70a on the a-Si film 50. Then a pulse 
excimer laser beam 80a is emitted to the a-Si film so that 
the a-Si film 50 in the region B not covered by the first 
patterned mask layer 70a will be melted. The region A of 
the a-Si film 50 below the first patterned mask layer 70a 
is used as the crystal nucleus to recrystallize the film lat- 
erally in order to form the poly-Si film. Then the first pat- 
terned mask layer 70a is removed and the second pat- 
terned mask layer 70b is formed on the region B of the a- 
Si film 50. Then a laser beam 80b is emitted so that the 
a-Si film 50 in region A can be recrystallized to form the 
poly-Si film. 

[0010] | n |jght of the above, the conventional ELA process re- 
quires two pulse excimer laser beams and forming two 
patterned mask layers to recrystallize the a-Si film in a 
fixed region. 

[0011] FIG. 3 shows still another conventional ELA process. Re- 
ferring to FIG. 3, the conventional ELA process utilizes the 
phase interference so that the energy of the pulse excimer 
laser beam 80 corresponding to the a-Si film varies peri- 



odically. The energy variation of the pulse excimer laser 
beam 80 is shown in curve S of FIG. 3. As shown in FIG. 3, 
the a-Si film 50 in region B will be melted, and the region 
A of the a-Si film 50 is used as the crystal nucleus to re- 
crystallize the film laterally in order to form the poly-Si 
film. Then the glass substrate is moved so that the rela- 
tive positions of the laser beam source and the a-Si film 
50 change. Then the pulse excimer laser beam again pro- 
vides periodically variant energy (not shown) to make the 
a-Si film 50 in region A recrystallized to be the poly-Si 
film. 

[0012] | n |jg n t of the above, the conventional ELA process re- 
quires two pulse excimer laser beams to recrystallize the 

a-Si film in a fixed region. 
Summary of Invention 

[0013] An object of the present invention is to provide apparatus 
and method for laser annealing by using a laser beam to 
recrystallize the a-Si film in a certain region so as to in- 
crease the throughput of the poly-Si film. 

[0014] The present invention provides an apparatus for laser an- 
nealing an amorphous silicon film, the amorphous silicon 
film including a first region and a second region not over- 
lapped with the first region, the apparatus comprising: a 



laser beam source module providing a laser beam; a beam 
splitter, disposed on a path of the laser beam, splitting 
the laser beam into a first laser beam and a second laser 
beam; a first photomask disposed on an optical path of 
the first laser beam and in front of the amorphous silicon 
film; and a second photomask disposed an optical path of 
the second laser beam and in front of the amorphous sili- 
con film; wherein the first laser beam is emitted to the 
first region, and the second laser beam is emitted to the 
amorphous silicon film in the second region after the 
amorphous silicon film in the first region is recrystallized. 

[0015] | n a preferred embodiment of the present invention, the 
optical path length of the first laser beam to the first re- 
gion is smaller than the optical path length of the second 
laser beam to the second region. The laser annealing ap- 
paratus further comprises a time delay device disposed on 
the optical path of the second laser beam. The laser beam 
source module can be an excimer laser beam source 
module, and the laser beam source module may include a 
plurality of laser beam sources. 

[0016] | n a preferred embodiment of the present invention, the 
first photomask includes a plurality of first stripe non- 
transparent regions parallel to each other, the plurality of 



first stripe non-transparent regions being grille-arranged, 
the plurality of first stripe non-transparent regions in a 
position corresponding to the second region; the second 
photomask includes a plurality of second stripe non- 
transparent regions parallel to each other, the plurality of 
second stripe non-transparent regions being grille- 
arranged, the plurality of second stripe non-transparent 
regions in a position corresponding to the first region. 

[0017] | n a preferred embodiment of the present invention, 

wherein the first photomask includes a plurality of first 
rectangular transparent regions, the plurality of first rect- 
angular transparent regions being area array arranged, 
the plurality of first rectangular transparent regions in a 
position corresponding to the first region; the second 
photomask includes a plurality of second rectangular 
transparent regions, the plurality of second rectangular 
transparent regions being area array arranged, the plural- 
ity of second rectangular transparent regions in a position 
corresponding to the second region. 

[0018] | n a preferred embodiment of the present invention, the 
laser annealing apparatus further comprises a first lens 
module and a second lens module disposed on the optical 
path of the first and second laser beams respectively and 



in front of the first and second photomasks respectively; a 
projecting module disposed on the optical path of the first 
and second laser beams and behind the first and second 
photomasks; and a plurality of reflectors disposed on the 
optical path of the first and second laser beams. 
[0019] The present invention provides a method for annealing an 
amorphous silicon film, the amorphous silicon film in- 
cluding a first region and a second region not overlapped 
with the first region, the method comprising: splitting a 
laser beam into a first laser beam and a second laser 
beam; emitting the first laser beam to the first region of 
the amorphous silicon film; and emitting the second laser 
beam to the second region of the amorphous silicon film, 
after the amorphous silicon film in the first region is re- 
crystallized. 

[0020] | n a preferred embodiment of the present invention, the 
optical path length of the first laser beam to the first re- 
gion is smaller than the optical path length of the second 
laser beam to the second region. 

[0021] | n a preferred embodiment of the present invention, the 
step of emitting the first laser beam to the first region of 
the amorphous silicon film includes: providing a first pho- 
tomask on an optical path of the first laser beam so that 



the first laser beam passes through the first photomask to 
the first region; the step of emitting the second laser 
beam to the second region of the amorphous silicon film 
includes: providing a second photomask on an optical 
path of the second laser beam so that the second laser 
beam passes through the second photomask to the sec- 
ond region. In addition, the laser beam includes an ex- 
cimer laser beam. 
[0022] The above is a brief description of some deficiencies in 
the prior art and advantages of the present invention. 
Other features, advantages and embodiments of the in- 
vention will be apparent to those skilled in the art from 
the following description, accompanying drawings and 

appended claims. 
Brief Description of Drawings 

[0023] FIG. 1 shows a conventional ELA process. 
[0024] FIG. 2 shows another conventional ELA process. 
[0025] FIG. 3 shows still another conventional ELA process. 

[0026] FIG. 4 shows the laser annealing apparatus in accordance 
with a preferred embodiment of the present invention. 

[0027] FIGs. 5A and 5B show the top view of the first photomask 
and the second photomask in accordance with a preferred 



embodiment of the present invention. 

[0028] FIGs. 6A and 6B show the top view of the first photomask 
and the second photomask in accordance with another 
preferred embodiment of the present invention. 

[0029] FIG. 7 shows the laser annealing method in accordance 

with a preferred embodiment of the present invention. 
Detailed Description 

[0030] FIG. 4 shows the laser annealing apparatus in accordance 
with a preferred embodiment of the present invention. 
Referring to FIG. 4, the laser annealing apparatus 200 is 
for laser annealing an a-Si film 150. The laser annealing 
apparatus 200 includes a laser beam source module 210, 
a beam splitter 220, a first photomask 240, and a second 
photomask 260. The laser beam source module 210 pro- 
vides a laser beam L0. The beam splitter 220 splits the 
laser beam L0 into a first laser beam LI and a second 
laser beam L2. The first photomask 240 is disposed on 
the optical path of the first laser beam LI and in front of 
the a-Si film 150. The second photomask 260 is disposed 
on the optical path of the second laser beam L2 and in 
front of the a-Si film 150. 

[0031] Further, the optical path length of the first laser beam LI 
to the a-Si film 150 is for example, smaller than the opti- 



cal path length of the second laser beam L2 to the a-Si 
film 150. The laser annealing apparatus 200 further in- 
cludes a time delay device 290 on the optical path of the 
second laser beam L2. 
[0032] Further, the first laser beam LI passes through the first 
photomask 240 and then is emitted to a region of the a- 
Si film 150. That region will not overlap with another re- 
gion of the a-Si film 150 to which the second laser beam 
L2 passes through the second photomask 260 and then is 
emitted to. In addition, because of the time delay device 
290, the second laser beam L2 will wait for one to several 
nanoseconds or milliseconds to be emitted to the a-Si 
film 150 after the first laser beam had been emitted to the 
a-Si film 150. 

[0033] Referring to FIG. 4, the laser annealing apparatus 200 fur- 
ther includes a fist lens module 230, a second lens mod- 
ule 250, a projecting module 270, and a plurality of re- 
flectors 280. The first lens module 230 is disposed on the 
optical path of the first laser beam LI and in front of the 
first photomask 240 so that the first laser beam LI can be 
uniformly and perpendicularly emitted into the first pho- 
tomask 240. The second lens module 250 is disposed on 
the optical path of the second laser beam L2 and in front 



of the second photomask 260 so that the second laser 
beam L2 can be uniformly and perpendicularly emitted 
into the second photomask 260. The projecting module 
270 is disposed on the optical paths of the first and sec- 
ond laser beams LI and L2 and behind the first and sec- 
ond photomasks 240 and 260. The projecting module 270 
can adjust the optical paths of the first and second laser 
beams LI and L2 so that the first and second laser beams 
LI and L2 can be emitted to the same region of the a-Si 
film 150. The reflectors 280 are disposed on the optical 
paths of the first and second laser beams LI and L2. The 
reflectors 280 can change the optical paths of the first 
and second laser beams LI and L2 for the optical design 
and space arrangement of the laser annealing apparatus 
200. 

[0034] Further, the laser beam source module 210 for example is 
an excimer laser beam source module. The laser beam 
source module 210 for example can be a plurality of laser 
beam source modules. Because a single laser beam source 
can only provide a fixed energy. By using a plurality of 
laser beam source modules, the energy density of the 
laser beam is high enough to process a larger region at a 
time in order to increase the throughput. 



[0035] FIGs. 5A and 5B show the top view of the first photomask 
and the second photomask in accordance with a preferred 
embodiment of the present invention. Referring to FIGs. 
5A and 5B, the first photomask 240 has a plurality of first 
stripe non-transparent regions 242 parallel to each other. 
The first stripe non-transparent regions 242 are grille- 
arranged. The second photomask 260 has a plurality of 
second stripe non-transparent regions 262 parallel to 
each other. The second stripe non-transparent regions 
262 are grille-arranged. The relative position of the sec- 
ond stripe non-transparent regions 262 does not overlap 
with that of the first stripe non-transparent regions 242. 

[0036] FIGs. 6A and 6B show the top view of the first photomask 
and the second photomask in accordance with another 
preferred embodiment of the present invention. Referring 
to FIGs. 6A and 6B, the first photomask 240 has a plurality 
of first rectangular transparent regions 244. The first 
rectangular transparent regions 244 are area array ar- 
ranged, and the adjacent first rectangular transparent re- 
gions 244 in the same row are not aligned. The second 
photomask 260 has a plurality of second rectangular 
transparent regions 264. The second rectangular trans- 
parent regions 264 are area arrayarranged, and the adja- 



cent second rectangular transparent regions 264 in the 
same row are not aligned. The relative position of the sec- 
ond rectangular transparent regions 264 does not overlap 
with that of the first rectangular transparent regions 244. 

[0037] FIG. 7 shows the laser annealing method in accordance 
with a preferred embodiment of the present invention. 
Referring to FIG. 7, this laser annealing method is for an- 
nealing an a-Si film 150. The a-Si film 150 includes a 
first region C and a second region D not overlapped with 
the first region C. This laser annealing method in accor- 
dance with a preferred embodiment of the present inven- 
tion comprises: splitting the laser beam L0 into the first 
laser beam LI and the second laser beam L2; emitting the 
first laser beam LI to the first region C of a-Si film 150; 
and emitting the second laser beam L2 to the second re- 
gion D of the a-Si film 150, after the a-Si film 150 in the 
first region C is recrystallized. 

[0038] Referring to FIGs. 4 and 7, the optical path length of the 
first laser beam LI to the first region C is smaller than the 
optical path length of the second laser beam L2 to the 
second region D. In addition, the step of emitting the first 
laser beam LI to the first region C of the a-Si film 150 in- 
cludes: providing a first photomask 240 on the optical 



path of the first laser beam LI so that the first laser beam 
LI passes through the first photomask 240 to the first re- 
gion C. The step of emitting the second laser beam L2 to 
the second region D of the a-Si film 150 includes: provid- 
ing a second photomask 260 on the optical path of the 
second laser beam L2 so that the second laser beam L2 
passes through the second photomask 260 to the second 
region D. It should be noted that the present invention is 
limited to use photomasks for the laser beams LI and L2 
to be emitted in a predetermined region. Other adequate 
methods or devices for blocking laser beams also fall 
within the scope of the invention. In addition, the pattern 
of the second photomask 260 does not overlap with that 
of the first photomask 240. In a preferred embodiment of 
the present invention, the laser beam L0 is an excimer 
laser beam. 

[0039] it should be noted that in a preferred embodiment of the 
present invention, the above laser annealing method is, 
but not limited to, suitable to be processed in the above 
laser annealing apparatus. 

[0040] | n light of the above, the laser annealing apparatus and 
method of the present invention have at least the follow- 
ing advantages. 



[0041] i it on |y requires a single pulse laser beam to recrystal- 
lize the a-Si film in a certain region to the poly-Si film at 
a time so as to reduce the process time and increase the 
throughput. 

[0042] 2. It is unnecessary to move the photomask in order to re- 
crystallize the a-Si film in a certain region to the poly-Si 
film at a time so as to reduce the process time and in- 
crease the throughput. 

[0043] 3, The laser annealing method of the present invention is 
easier to combine more laser beam sources into the laser 
beam source module in order to use a single pulse laser 
beam to process a larger area at a time. 

[0044] The above description provides a full and complete de- 
scription of the preferred embodiments of the present in- 
vention. Those may make various modifications, alternate 
construction, and equivalent skilled in the art without 
changing the scope or spirit of the invention. Accordingly, 
the above description and illustrations should not be con- 
strued as limiting the scope of the invention, which is de- 
fined by the following claims. 



